With the development of computer systems and geographic information systems the digital elevation models have started to be used more and more in spatial analysis processes. The digital models, even if they refer to the terrain or to the surface, have an important role in ecosystems analysis projects, regional or national urban planning, sustainable resource management and natural disaster prevention. When we talk about digital elevation modeling in the context of sustainable development, we refer primarily to the applicability of the three-dimensional description of the space around us. An important aspect of DEM in terms of sustainable development is the way that it is obtained, so that the resources consumption for its generation to be minimal and the applicability for large scale. This paper presents the major domains of DEM applicability in the context of sustainable development, and also aspects regarding an efficient way of generating DEMs.
Introduction
During the last decades, both European states and those on other continents have adopted policies that integrate environmental concerns in all the activities they carry out in order to get a healthy environment for us and for the future generations. The tendency is to seek sustainable development in all areas, leading to better quality of life for both present society and the future ones, without exhausting the available resources.
With the accession to the European Union, to align with European standards, Romania was imposed to solve some specific problems. In this context, it is imperative to find more efficient solutions for a sustainable development in areas of major interest, both from economic and social point of view and environmental.
Among the areas where Romania is still deficient, we can mention natural disasters, landslides, agriculture, forest exploitation, transport, land planning, etc.Until now, the solutions adopted in these areas were found to be inadequate or not sufficient to make a significant contribution to the sustainable development of Romania, the main reason being that they have been applied only to very limited regions.
Considering the floods that Romania has faced in recent years, the development of models able to predict the place and time of such an event should be a national priority. Only in this way the damage caused by these phenomena can be reduced.
Another problem is related to performance in agriculture. Currently, in Romania the subsistence farms are still predominant. Even if some farmers have made purchases of high achiever farm equipments, this is far from being fully exploited, and the lack of a national irrigation system significantly decreases the productivity of agricultural land.Under these circumstances, there must be found solutions to increase the efficiency of agriculture.
Forest exploitation is also an issue to be taken into consideration for a sustainable development. Deforestation was done without a control system, in a higher rate than the regeneration.
The role of DEM in the context of sustainable development
In this paragraph, there will be presented in more detail a number of cases where digital elevation models can bring an important contribution, so that the management of these situations to be in accordance with the sustainable development of Romania.
As has been seen, in the past years Romania has experienced floods and landslides. More worrying is that climate changes have been observed. The immediate effect is that rainfall has increased in summer and has decreased in winter. Apart from natural causes, among them are included the human actions such as: uncontrolled deforestation, poor maintenance of existing dams, lack of development strategies, etc.
The changes produced in the earth's surface in time can be determined by using differential interferometry. This type of analysis requiresSAR (Synthetic Aperture Radar) data acquired from almost identical position and a digital terrain model. The role of the digital model is to eliminate the influence of topography. Major advantages of this method are that it could track large areas and eliminate the risks that may arise when sending teams in areas with high probability of landsliding. These multi-temporal analyses that are designed to monitor the evolution of soil movement help to produce risk maps which will be further used to establish preventive measures or contingency plans.
In the case of flooding, the digital terrain model is used in simulations, for accurately estimating the areas with high risk of flooding, the ideal locations for dams and the ideal routes for the intervention teams and for evacuating the population.So the aim should be to achieve a precise and up to date database to be used in the process of spatial analysis. Simulations of potential scenarios should be made based on three-dimensional modeling and hydraulic modeling. Constantly, to an established interval of time, the data will be updated both in terms of space and attributes and then the initially adopted solutions will be changed.
Long-term costs of such solutions (using digital modeling for simulations and land monitoring) will be certainly lower than those for reconstructing the destroyed areas.
So far, we have discussed about how to reduce the negative effects of some phenomenon, using the digital elevation model.
In the following we will present an example of how to increase the productivity in agriculture. Agriculture is a sector less productive in Romania compared to Western European countries, even if there is a large area of arable land. As mentioned before, in Romania the subsistence farms are still predominant and for that it is very difficult to conceive a strategy for increasing productivity because each farmer is free to choose what seeds, tools, fertilizers and pesticides he wants. In the most cases, they do not have a specialized training in this domain and they are still guided by the knowledge of their ancestors. The only rule that is certainly used is the crop rotation for regenerating the characteristics of the soil.
In Romania, an important part of the arable land is located on the slopes of the hills and therefore productivity is directly influenced by soil properties, including those related to texture and drainage, which controls the water level in the soil. These properties are dependent on the characteristics of the land. Terrain complexity of these regions determines the humidity, temperature and light level properties that have direct effects on agricultural potential (V. Chendes, S. Dumitru, C. Simota, 2009).
It is obvious that if would be a precise land classification by the characteristics enumerated in the previously paragraph, the soil productivity would growth and less productive areas would be better managed.
Of course, it is available on the market a big variety of products developed by agriculture research laboratory that would have a good productivity even in bad conditions (dry soil, few hours of illumination). Even so, it there isn't a precise land classification of the agriculture areas, then the farmers won't know what seed should choose, and the two possible consequences are: to spend a big amount of money on seeds that are resistant to tough conditions when is not necessary, or not to buy them when the situations impose that and the result is low productivity.
Another important problem is forest exploitation. It is made without surveillance and the activities that ensure the forest regeneration are overwhelmed. If for the cases mentioned before are studies and analysis made by Romanian scientists, as regards forest areas monitoring the research activities are almost none. In contrast to that, western and north European are in continuous development of solutions for monitoring and measuring forest canopies and characteristics.
At the moment, forest monitoring on large areas is made using satellite images acquired at different moments of time or classic surveying methods. The first case offers poor detailed information and the second one has big costs.
Forest monitoring means much more: determination of surface, heights, canopy, information that could be extracted from digital surface and terrain models. For example the differences between DSM and DTM represent forest volume, or the differences between two DSM for different time moments represent evolution for that period of time. For such king of applications were developed methods that uses LiDAR data and aerial/spatial images. Precision of these applications is very good and the surface that is analyzed depends only by the coverage of the data/images.
Digital models can effectively supports to understand our broader world or specific environment. Using them it becomes possible carrying out complex test during which we can take into account several factors simultaneously (V. Balazsik, P. Engler, G. Melykuti, 2013) . The main advantages offered by using a digital terrain or surface model in feasibility studies or in enlargement of cities consists in the overview of the area of interest, precise information about the elevation, possibility to automation the geospatial analises and eliminate the human subjectivism. For example, in infrastructure projects, tridimensional simulations could highlight the design errors, and this could change the solution in time, before starting off.
The purpose of a freeway is to ensure the connection between diferent points of interest and it is designed for high-speed vehicular traffic. To fulfil those conditions, slopes and curvature must respect some standars, and offcourse, designed route must not pass through natural or artificial element. Also the cut or fill jobs during the construction should be minimum for a cost efficient project. All these mandatory requirements could be respected much easier by integration of digital elevation models in geospatial analises.
For urban development there are several products and tools that make easier the interpretation of environment (automatic classification based on spectral content) and helps in taking correct decisions regarding direction of changing the surroundings. Example of this kind of product is orthophotos. Those are photos taken with aerial or satellite platforms. These images have to be processed before using, and the first step is to eliminate distortions, for which is used the digital terrain model. Because DTM contains only the terrain surface without objects, as the results of the orthorectification the vertical walls of the buildings are sloped away from the nadir point. So, this orthos aren't suitable for image processing based on the spectral content. To correct these errors, it has to be used DSM instead of DTM because in this case artificial and natural objects are taken in consideration. The result is called true orthophoto, and provides good results in spectral content classification. If the area of interest is a small city, where all the buildings and/or vegetation have almost the same heights the result based on intensity classification could be good. But if the heights of the objects of the city varies a lot, then spectral classification could not offer enough information for good eco-environment decisions: is not right to put in the same class 2 building, one of 4 stores and one of 14, which happens to have the same spectral intensity on the image. So to improve the process, also elevation can be taken into consideration when elements are classified into landcover categories. For this example, digital model is used with two different purposes, and the results of classification would offer a good support when taking decisions that have to respect sustainable development principles
Obtaining of DEM in the context of sustainable development
Another interpretation of this theme could be DEM obtaining with minimal resources consumption that will have applicability for large scale.
Seeing the applications above, in order to ensure a safety and good life of citizens, and to respect principles and characteristics of sustainable development every country should be entirely covered by a digital elevation model. It has to be precise enough to be used in most of the applications and up to date.
For Romania exist several digital elevation models that covers the hole country, but they don't have the right properties that are imposed by the conditions above. Besides the world digital elevation models that covers Romania too, Military Topographic Directorate obtained a DEM (DTED2) for the entire country using elevation elements from military topographic maps (HTM) at scale 1:25.000. This elevation model isn't actual because the content of the maps represent the 1985-1990 years (the period when those maps were last brought up to date) and the precision allows using it mostly for representation and not for geospatial analyses.
Even though the easiest solution would be to begin a new national project for data acquisition by different methods and then generate a digital elevation model from that, the costs are too big.
Another option would be to use data (LiDAR, aerial photos) that already exist (from the last 6-8 years depending on the changes in time, maybe 1 or two years for areas that evolve rhythm is big) and generate DEMs from that, and then for appending them would be used different fusion strategies.
For example, Military Topographic Directorate started 4 years ago a project for obtaining orthophotos for the entire country. Those are used by Agency of payment and intervention in agriculture to measures the farmer parcels.
Project consists in 3 cycles of national aerial data acquisition with ADS80 camera, and the result will be an important quantity of photogrammetric data that could be used to generate DSM. In the last years also, private firms flew to obtain LiDAR data over different areas. Because data that was mentioned before had initially another purpose, the buying price should be much smaller than the acquisition one.
Another possible feature project (beginning 2015 maybe) is to fly and acquire LiDAR data over airports within a 45 km distance from it, with purpose of obtaining DSM and DTM.
There are areas in the world that are covered by different data types acquired at particular time moments, and of different precision. For those areas where done studies and research work regarding the fusion of data with the scope of comparison, identifying time changes, improving precision of DEMs or integration of heterogenous digital elevation/surface models.
Based on the data that already exist and the future projects, and also taking in consideration most important fusion results from all over the word studies it must be proposed a strategy for generation of a digital terrain/surface model (depending of available data). For that, a fusion solution will be customized for Romania based on surface characteristics and available data.
Conclusion
Integrating digital terrain or surface models with different types of applications could contribute to sustainable development of the environment, as was described in the second chapter. For that reason every country should have such digital models.
Even the effort to generate a DEM from zero is big in the recent years were done lots of research studies regarding data fusion. Customizing resulting strategies for the data available in each country and for surface characteristics could be obtained the first model that after will be improved or integrated with others.
